Purpose: A two stage approach of ridge splitting and lateral expansion in the mandible to achieve enough bone width for the purpose of dental implants is presented. Materials and Methods: A total of 13 consecutive patients with 16 long-span edentulous areas of the mandibular ridge were included in this study and 42 dental implants were inserted. Corticotomy of a rectangular buccal segment was carried out followed by 3 weeks of recovery; the mandibular ridge was stretched laterally, leaving the buccal periosteum attached to the lateralized segment. In this modification, there was no need for the use of grafted foreign materials to fill the defect and neither the use of barrier membranes, since it was treated practically as a fresh extraction site. To prevent the undesirable movement of the lateral plate, a small chip (2-3 mm in diameter) of bone spacer was properly fixed. The dental implants were placed 3-5 months later on. Results: Approximately, 86% of the expanded areas were successful in providing an adequate width to accommodate an implant. The average gain in width was 3.22 ± 0.97 mm. All intended implants were inserted. Prosthetic loading with fixed prosthesis was successfully implemented in all cases. Conclusion: This modified technique is a simple and short procedure with satisfactory results and minimal morbidity. Of note, this approach is devoid of foreign materials usage and has a low rate cost, therefore, should be employed more often.
INTRODUCTION
Insufficient bone thickness of an atrophic mandible ridge is a common problem for situating screw-type dental implants. Narrow edentulous alveolar ridge of 4 mm or less requires horizontal augmentation. Several surgical techniques have been mentioned in the literature: Guided bone regeneration, [1] [2] [3] onlay block bone grafting, [4] [5] [6] ridge split technique or ridge expansion [7] [8] [9] [10] and distraction osteogenesis. [11, 12] The aim of this ridge expansion approach is to create a new implant bed following two stages: (1) A full-thickness mucoperiosteal flap is elevated on the buccal aspect of the ridge. A saw, bur, or piezosurgical device is used to perform the apical horizontal, crestal, proximal and distal vertical corticotomies.
(2) The second surgery, a month later, involves the splitting and expansion of the ridge using osteotomes. At this stage, no buccal mucoperiosteal flap is elevated to preserve the vascularity of the buccal cortical plate. Fixation of the space between the buccal and lingual cortical plates is done, so blood clot fills the gap between the bone plates resembling a fresh extraction site. The implant placement is done 3-5 months later.
This study demonstrates the beneficial usage and outcome of the modified lateral ridge expansion technique.
MATERIALS AND METHODS
This retrospective analysis follows the Declaration of Helsinki on medical protocol and ethics. As a retrospective study, there was no need for institutional review board approval and it was exempted.
Medical records were reviewed of 13 patients undergoing ridge expansion surgery between the years 2007 and 2009 in Oral and Maxillofacial surgery clinic. In total, sixteen long span edentulous areas of the mandibular ridge were included in this study. In all cases, the preoperative bucco-lingual width of the bony ridge was between 2 and 4 mm at most. All had an adequate bone height for implant positioning. The technique of choice was similar to those used for ridge splitting in conventional dentoalveolar surgery with preference for staged protocol. Consequently, this procedure required a minimum of 2 appointments, with a gap of 1 month recovery period and check-ups. All treatment sessions were done under local anesthesia of 2% of Lidocaine and 1:100,000 Epinephrine.
Surgical technique Stage 1
A lateral mucoperiosteal flap was designed and performed by a midcrestal incision and when required, a vertical release incision was done for ease of access [ Figure 1 ]. For the purpose of protection and isolation during the osteotomy, we exposed the lateral side of the ridge to a height of at least 10 mm. If the mental nerve was seen in the disclosed area during practice, it was exposed and protected as well. In literature, [13] corticotomies can be performed using a No. 15 blade, Beaver blade, razor-sharp chisel, round bur, fissure bur, diamond disk, reciprocal saw, or piezoelectric device. On high-density bone such as the mandible, the rotary bur, diamond disk, piezoelectric device or laser (erbium: Yttrium-aluminum-garnet, erbium, chromium-doped: Yttrium-scandium-gallium-garnet) is recommended.
Corticotomies in this study were all carried out using a thin fissured high speed bur splitting the rectangular lateral cortical bone plate from all sides [ Figure 1b ]. Thus, making it possible for the lateral cortical plate to be loosened and even detached off its bed. Deeper parts of the dense bone in the area were cut using osteotomes.
Small bone chips are needed for the second surgery as a spacer, so it was prepared by Corticotomy around a small block of bone posterior and adjacent from the main surgery field. After preparing this piece, it was left in place for future harvesting [ Figure 1c ].
Once the plate was free, it was repositioned in place, covered by the mucoperiosteal flap and sutured without tension [ Figure 1d ]. Healing period was allowed for 3-4 weeks. The follow-up was 1 week later for suture removal and clinical evaluation.
Stage 2
This stage of the splitting was required for lateralization of the free cortical bone plate with the soft-tissue covering it, 3-5 mm laterally [ Figure 2 ]. It was done by a midcrestal incision using osteotomes, without raising a mucoperiosteal flap [ Figures 2a and b] . To prevent collaps back of the lateral plate, a small chip (2-3 mm in diameter) of bone spacer was inserted between the buccal lateralized segment and its bed [ Figure 2c ]. The spacer was collected from beside the ridge expansion area, mainly from the 3 rd molar tooth or the retromolar area. This bone chip was prepared during the first session of treatment and was left in its place, only to be collected again in the second stage.
The outcome of this expansion resembles a fresh extraction socket, therefore, it was sutured using a black silk suture and left for bone clot to fill the space between the bone plates [ Figure 2d ]. Antibiotics were used in both stages of surgery: Amoxicillin (500 mg 3 times daily) for 5 days.
Clinical monitoring was carried out 1 week after surgery for suture removal, then 1 and 3 months post-surgery with visual examination of the healing tissues for any signs of inflammation. Furthermore, cone-beam computed tomography (CBCT) or an orthopantomograph was carried out after 3-4 months, before implant insertion stage.
Three months at least were needed for bone healing. Removable partial prosthesis was not allowed to be used during the whole healing period.
Once the bone was properly regenerated, dental implants were inserted either by one stage or two stage surgery technique [ Figures 3a and b] . At most, smoking was the main significant factor determining the two stage implantation.
A total of 16 ridge expansions procedures were conducted in 13 patients. The average gain in width was measured during the implant insertion surgery using a calibre of 1 mm intervals and by measuring on CBCT if available [ Figures 4a-d ]. An overall of 42 screw type dental implants (Biocom, Table 1 ].
In six cases, no enough bone width was gained at the area of the anterior vertical osteotomy. To overcome that; during the implant insertion, minor augmentation of the implant's exposed part has been made by means of autogenous bone particles, which were collected throughout the drilling for the implant bed preparation (in 6 implants; 14%).
Exposure of implants and prosthetic work-up commenced 3 -5 m o n t h s a f t e r t h e i m p l a n t f i x a t i o n ( s t a n d a r d deviation = 4.1 ± 1.3 months). Follow-up was carried out between 12 months and 43 months at most after the prosthetic loading [ Figures 5a-c] .
RESULTS
All buccal cortical bone plates were repositioned as planned at the basal corticotomy during ridge splitting. Bone width gain has been observed in all cases with an average width gaining of 3.22 ± 0.97 mm, which varied between 2 and 5 mm. The secondary intentionally mucous membrane recovery phase obtained additional width of attached gingiva, similar to the healing of an extraction socket.
At 5 months following implants placement, all implants found to be physically stable and periapical X-rays showed no pathology around them hence, prosthetic loading with fixed prosthesis was successfully implemented in all cases.
Of note, few complications included: Minor infections and exfoliation of the spacer (bone chip) causing elongation of the recovery period (three cases) other complications were non-significant, such as: Temporary sensory changes in the lip and chin and minor loss of vertical dimension of the bony ridge.
About three and a half years after the prosthetic loading, until submission of this report, the clinical follow-up demonstrated successful implantation.
As previously described, minor loss of vertical dimension of the bony ridge was a complication noted in our study. Elevation of the mucoperiosteal flap and osteotomy at the crest of the bony ridge, seemingly caused this minor loss of ridge height. The difference in height loss of the bony ridge was measured in relevance to a fixed anatomical structure, such as: Inferior alveolar canal, mental nerve, or already existing roots of adjacent teeth. CT and panoramic X-ray were used for the comparison of the height loss. The average estimated loss in height was 2.47 mm. 
DISCUSSION
Ridge splitting and expansion of the mandible is rarely discussed in English medical literature. [14] The lateral ridge expansion technique is more suitable to be carried out on the maxilla rather than on the mandible, chiefly, due to the thinner maxillary cortical plates and soft medullary bone. [15] As discussed by Jensen et al, [16] Marginal bone stability in relation to the diverse types of flaps, out of 65 different ridges studied, only nine cases concerned the mandible. Jensen et al. indirectly demonstrates the rare usage of ridge splitting technique in the lower jaw compared to the upper, mainly due to the rigidity of the mandibular cortical bone. [16] In the present study, in order to achieve a complete access to the buccal cortical plate, a full thickness flap was elevated, giving the possibility for a complete corticotomy. However, it cuts the blood supply from both the osseous base and the overlying periosteum. During the following 3-4 weeks of bone recovery, new angiogenesis is expected throughout the cortical plate, decreasing the possibility of complications when lateralizing it. Though, after the first and second intervention, the vascularization shifts to the periosteal external perfusion. The buccal cortical segment remained as a pedicle graft following the expansion of the ridge splitting (the second stage). This had been clarified by Enislidis et al. [14] Until date, one cannot control the high incidence of greenstick fractures in the mandible resulting from single stage ridge splitting with osteotomes, due to its thickened cortical bone. [14, 15] With this approach, the location of the osteotomy was pre-surgically determined and corticotomy was done all around the buccal cortical bone including the spongious bone, thus, reducing the chance of uncontrollable green stick fracture.
In a case report by Kheur et al. in "staged ridge splitting technique for horizontal expansion in mandible," the ridge was expanded and bone graft ossify containing biphasic beta tricalcium phosphate and hydroxyapatite was placed to maintain the gap between the cortices. [17] In the present study, the bone plates were maintained in place by using small bone chips inserted deep in between the separated cortical plates and then the mucosa sutured from buccal to lingual to aid in fixing the lateralized plate in place. The gap was between 3 and 5 mm and was left to be filled with a blood clot giving the opportunity for normal wound healing resembling an extraction socket. Depending upon the fact that fresh extraction sockets in these areas are always wider than 5 mm and they heal by secondary intension without the need for bone grafting or using guided regeneration techniques.
Although there was a loss of height consecutive to corticotomy, as was mentioned, but the length of implants used ranged from 10 to 13 mm. According to a new study, the incident of successful implantation with short implants is not significantly lower than with longer ones. It's the cautious treatment planning that above all affects the success rate. [18] This retrospective analysis characterizes the successful rare usage of the lateral ridge expansion technique in the mandible. Furthermore, our study demonstrates this modified procedure as a simple and short practice with satisfactory results and minimal morbidity. Of note, this approach is devoid of foreign materials usage and has a low rate cost, therefore, should be employed more often.
